Abdominal obesity in Japanese-Brazilians: which measure is best for predicting all-cause and cardiovascular mortality?
Introduction
In developed and developing countries, obesity has become the fastest-growing nutritional and public health problem in recent years 1 . In the United States in [2003] [2004] 66 .3% of Americans had some degree of excess weight 2 . In Japan, data from the National Nutrition Survey showed that the prevalence rates for overweight and obesity among individuals 20 years or older were 24.5% and 2.3%, and 17.8% and 3.4%, for males and females, respectively 3 . In Brazil, the results of the Family Budget Survey (POF 2008 (POF -2009 ) indicated that 50.1% of men and 48% of women were overweight, and that obesity prevalence was 12.4% in males and 16.9% in females 4 .
Given this new scenario, characterized by high prevalence of obesity, cardiovascular diseases appear as the leading public problem and diseases of the circulatory system are the principal cause of deaths in Brazil as a whole (32%) and in all its geographic regions (Rede Interagencial de Informações para a Saúde. Indicadores de Mortalidade. http://tabnet.datasus.gov.br/cgi/ deftohtm.exe?idb2009/c04.def).
Epidemiological studies have used body mass index (BMI) on a large scale to assess excess weight, but it is currently known that abdominal fat is more closely associated with increased risk of morbidity and mortality from cardiovascular disease and metabolic disorders such as dyslipidemia, hypertension, and diabetes mellitus 5, 6 .
Regional obesity measures, including waist circumference (WC), waist/hip ratio, and waist/ height ratio provide estimates of central adiposity, which in turn is related to the amount of visceral adipose tissue 6 .
Despite the superiority of regional measures of body fat distribution over BMI, the results of different studies are inconclusive as to which anthropometric measure or indicator is best for predicting cardiovascular events and mortality. Some authors defend the use of waist/hip ratio to identify subjects at greatest risk of ischemic heart disease 7 and all-cause and cardiovascular mortality 8 . Others show the superiority of WC associated (or not) with BMI for predicting all-cause and cardiovascular mortality 9 . Various studies of Japanese individuals have indicated that waist/ height ratio corresponds more closely to metabolic risk in subjects with and without generalized obesity 10, 11, 12 .
Some ethnic groups have higher prevalence rates for excess weight. Studies of migrants have shown that the increase in body weight is associated with the variables involved in the process of adapting to the new environment, such as socio-cultural stress, altered diet patterns, and reduction in physical activity 13 . For example, both in Brazil and the United States, Japanese emigrants when compared to individuals that remained in Japan show higher susceptibility to both increased body weight and accumulation of adipose tissue in the abdominal region, thus worsening their insulin sensitivity 14, 15, 16 .
Therefore, the principal aim of the current study was to verify which measure used in the identification of abdominal obesity best predicts all-cause and cardiovascular mortality among Japanese-Brazilians, independently of the presence of generalized obesity.
Materials and methods
Data were used from the cohort study conducted by the Japanese-Brazilian Diabetes Study Group (JBDSG) among the Japanese-Brazilian community in Bauru, São Paulo State, Brazil. The study was conducted with first-generation Japanese immigrants (Issei, born in Japan) and secondgeneration (Nisei, born in Brazil and children of the first generation), of both genders, ages ≥ 30 years. These individuals were examined three times (1993, 2000, and 2005-2007) , using a methodology described elsewhere 13, 14, 15, 16, 17 .
Briefly, in 1993, after a local census performed by the JBDSG, 1,518 Japanese-Brazilians were identified ranging in age from 40 to 79 years, of whom 1,137 were first-or second-generation (293 Issei and 764 Nisei). A systematic sample of 706 individuals was selected (all the Issei and one-third of the Nisei, with an additional 20% to compensate for possible losses) and 647 individuals participated in the study (91.6% of the selected individuals). In 1999-2000, after a new census in the community, 1,751 first-and secondgeneration individuals ≥ 30 years of age living in Bauru were identified; 1,330 individuals participated (76% of the total population), of whom 394 had also been examined in 1993. Among those that did not participate in the study, there was a higher proportion of males and individuals ≤ 60 years of age, as compared to participants. The third phase of the research took place in 2005-2007 and involved a community intervention study on lifestyle (diet and physical activity). All the participants were invited to participate in the second phase of the survey (1999) (2000) , along with their family members; a total of 736 individuals were evaluated (55.3%). Reasons for nonparticipation included death (n = 101), change of address, or refusal (n = 493; Figure 1 ).
For the current study, complete information was available on the presence or absence of baseline abdominal obesity and vital status at the end of the study (alive or dead) for 1,581 JapaneseBrazilians (98.9% of those eligible); of these, 1,411 subjects were alive at the end of the study. Of the 170 deaths recorded during the study period (1993 to 2007), it was possible to identify the date and cause of death (based on a death certificate) in 154 cases (90.6%). Classification of cause of death used the 10 th Revision of the International Classification of Diseases (ICD-10).
All the participants signed the informed consent form in the three study phases, and the study project was approved by the Institutional Review Board of the Federal University in São Paulo (UNIFESP), under case file 1907/06. Similar research protocols were used in 1993 and 2000 13, 14, 15, 16, 17 . Initially, subjects were informed of the study objectives by telephone (or in person). After agreeing to participate, two home visits were scheduled to apply the sociodemographic and food survey questionnaires. On the day of the home interview, the interviewer scheduled the date for the physical examination and collection of laboratory samples. The sociodemographic questionnaire was used to obtain baseline information on gender (female versus male), age (< 60 years versus ≥ 60 years), generation (first versus second), schooling (in Brazil and Japan, < 4 years of study versus ≥ 4 years), marital status (single/widowed/divorced versus married), smoking (none versus current or past), alcohol consumption (none versus current or past), history of illness (no/yes), working status (no/yes), and regular physical activity (sedentary/light versus moderate/intense).
On the day of the medical examination, in addition to the clinical and laboratory procedures, subjects answered a questionnaire on their personal health and use of medications. All subjects underwent a physical examination (including anthropometry and blood pressure) and laboratory tests (blood glucose and lipid profile, among others). The clinical examination was performed by physicians from the Department of Preventive Medicine, UNIFESP.
Body weight was measured in kilograms on a platform type scale (Filizola, São Paulo, Brazil) with a capacity of 200kg, accurate to 100g, placed on a flat surface and calibrated for each weighing. Height was measured with a manual stadiometer attached to the wall, with a maximum height of 2m, accurate to 1cm (Sanny, São Paulo, Brazil). The study used World Health Organization (WHO) 18 guidelines for classifying individuals by nutritional status according to BMI [weight in kg/(height in meters) 2 ].
WC was measured with a non-stretchable tape measure at the level of the umbilicus, rounded to the nearest 0.1cm. This measurement was taken with the subject standing erect, abdomen relaxed, arms hanging by the side, and feet together. Abdominal obesity was defined as WC ≥ 80cm and ≥ 90cm for women and men, respectively, which are specific values for the Japanese-descendent population 19, 20 . Hip circumference was measured at the level of the greater femoral trochanters, around the most prominent area of the buttocks, with the tape measure held horizontally. Abdominal obesity, as assessed by waist/hip ratios, was defined as ≥ 0.95 for men and ≥ 0.80 for women 21 . Waist/height ratio was calculated as the ratio between WC (cm) and stature (cm). Abdominal obesity was defined in both genders as waist/ height ratio ≥ 0.5 10, 11 .
An automatic blood pressure monitor (HEM712C automatic digital device with a cuff adjusted to the brachial circumference; Omron Health Care, USA) was used to measure systolic (SBP) and diastolic blood pressure (DBP). After resting for 10 minutes, three SBP and DBP measurements were taken, and the final value was defined as the mean of the latter two. Hypertension was defined as SBP ≥ 140mmHg or DBP ≥ 90mmHg or regular use of medication for hypertension 22 .
Two blood samples were taken (fasting and two hours after a 75g oral glucose challenge). Glucose intolerance was defined according to WHO guidelines: normal (fasting blood glucose < 110mg/dL and 2-hour glucose < 140mg/dL), impaired fasting glucose -IFG (fasting glucose ≥ 110mg/dL and < 126mg/dL and two-hour glucose < 140mg/Dl), impaired glucose tolerance -IGT (fasting glucose < 126mg/dL and 2-hour glucose ≥ 140mg/dL and < 200mg/dL), and diabetes (fasting glucose > 126mg/dL or 2-hour glucose >200mg/dL) 23 .
Serum lipids were measured using enzymatic methods. Dyslipidemia was defined as total cholesterol > 200mg/dL or triglycerides > 150mg/dL or HDL < 40mg/dL in males and < 50mg/dL in females or LDL > 130mg/dL 24 .
Statistical data analysis
The dependent (outcome) variable was defined as status at the end of the study (alive versus allcause death or alive versus cardiovascular death). The independent or target variable was presence of abdominal obesity according to each of the three different anthropometric measures (WC, waist/hip ratio, and waist/height ratio).
Control variables included gender (male versus female), age (< 60 years versus ≥ 60 years), generation (second versus first), schooling in Brazil (≤ 4 years and > 4 years), marital status (single/ widowed/divorced versus married), BMI (underweight, normal, overweight, or obese), presence of dyslipidemia (yes/no), glucose tolerance (normal, IFG, IGT), presence of hypertension (yes/ no), smoking (current or past yes versus no), and regular alcohol consumption (yes/no).
Crude analysis provided mean and point values and 95% confidence intervals (95%CI) for continuous variables. The Student t test was used to verify the existence of differences between the means for socio-demographic, nutritional, and metabolic variables according to status at the end of the study (alive versus all-cause mortality or cardiovascular mortality). Mean and point all-cause and cardiovascular mortality rates and 95%CI were calculated. The chi-square test and mortality rates ratios were used to identify associations between mortality and presence of abdominal obesity (according to WC, waist/hip ratio, and waist/height ratio), as well as the other categorical control variables.
Poisson multiple regression was used to obtain ratios between mortality rates and presence of abdominal obesity according to the different criteria, adjusted for the control variables. 
Results
Mean age of participants upon entering the cohort was 55.63 years (standard deviation -SD = 11.80 years), and 61.3% (n = 960) were under 60 years. Of the total (n = 1,565), 22.8% (n = 357) were first-generation and 53% (n = 829) were females.
At the end of 2007, 1,411 individuals (90.2%) were alive. Of the 154 (9.8%) deaths recorded during the study (with known date and cause of death), 74 (48.1%) were due to cardiovascular diseases, followed by different types of cancer (21.4%).
All-cause mortality rate was 10.68/thousand person-years (95%CI: 9.12-12.51/thousand person-years). Table 1 shows the absolute figures and percentages for the demographic, metabolic, lifestyle, and anthropometric variables (at study baseline) according to vital status at the end of the study, in addition to the mortality rate ratio. Gender (male), age (≥ 60 years), generation (first), working status (no), years of schooling in Brazil (≤ 4 years), and hypertension were risk factors for all-cause and cardiovascular mortality. Smoking (yes) and presence of abdominal obesity according to waist/height ratio were only risk factors for all-cause mortality, while glucose intolerance (IGT) was a protective factor. Abdominal obesity according to waist/hip ratio and diabetes were risk factors for cardiovascular mortality.
Of the 1,565 individuals included in the study, 47% showed baseline abdominal obesity according to WC, 45.2% based on waist/hip ratio, and 74.3% according to waist/height ratio. No statistically significant differences were observed between the percentage of individuals that died when comparing those with or without abdominal obesity according to WC (47.1% versus 52.9% for all causes, p = 0.990; 44.6% versus 55.4% for cardiovascular mortality, p = 0.684). According to classification by waist/hip ratio and waist/height ratio, there were more deaths among those with baseline abdominal obesity (waist/hip ratio: 57.5% versus 42.5% for all-cause mortality, p = 0.001; 63.5% versus 36.5% for cardiovascular mortality, p = 0.001; waist/height ratio: 82.9% versus 17.1% for all-cause mortality, p = 0.012; 85.1% versus 14.9% for cardiovascular mortality, p = 0.026). Table 2 shows the mean values and respective 95%CI for baseline demographic, metabolic, lifestyle, and anthropometric variables according to vital status at the end of the study. Subjects that had died (from all causes or cardiovascular diseases), compared to those that were alive at the end of the study, showed higher mean age, more baseline abdominal obesity (according to WC, waist/hip ratio, or waist/height ratio), higher fasting and 2-hour blood glucose, higher SBP and DBP, and lower HDL. Table 3 shows the mortality rate ratios obtained through Poisson multiple regression analysis. Presence of abdominal obesity according to WC or waist/height ratio (yes/no) was not associated with the target outcomes, while this association remained statistically significant for waist/ hip ratio (especially for cardiovascular mortality), even after adjusting simultaneously for other variables. Meanwhile, gender (male), age (≥ 60 years), and hypertension were independent risk factors for all-cause and cardiovascular mortality, regardless of the respective anthropometric index. Absence of dyslipidemia was an independent protective factor against all-cause and cardiovascular mortality, regardless of the anthropometric index.
Discussion
Few epidemiological cohort studies in Brazil have investigated associations between abdominal obesity and morbidity and mortality from chronic non-communicable diseases, and such studies are non-existent among Japanese immigrants. The current study followed a cohort of individuals outside of their country of origin for 14 years, which allowed evaluating the impact of environmental variables on mortality. In addition, the high proportion of subjects with complete follow-up in the mortality study (> 90%) reinforces the results presented here. This study is particularly relevant to the extent that it focuses on a theme of growing interest in international research in recent decades.
Most of the published studies on associations between obesity and mortality in population groups have only focused on the role of BMI 9, 25, 26, 27 . However, it is known that lean individuals can show increased risk of cardiovascular diseases and other metabolic and inflammatory disorders if they present accumulated fat in the abdominal region 28 .
The mean baseline WC, waist/hip ratio, and waist/height ratio for Japanese-Brazilians were generally statistically higher (for waist/hip ra-Cad. Saúde Pública, Rio de Janeiro, 27(10):1986-1996, out, 2011 tio and waist/height ratio) among individuals that died as compared to those that were alive at the end of the study. The prevalence rates for abdominal obesity according to WC, waist/hip ratio, and waist/height ratio were 47.1%, 45.3%, and 74.4%, respectively. This situation shows that although the group was not obese on average (mean BMI 24.4kg/m 2 ), the high prevalence of abdominal obesity contributes to metabolic alterations in this community 6 . However, in order to compare this study's findings with those of other researchers, it is necessary to take into account the cutoff points, gender, and ethnicity, among other factors.
In the current study, only waist/hip ratio remained associated with cardiovascular mortality after adjusting for other variables such as gender, age, and hypertension. The use of waist/hip ratio alone requires caution, since interpretation of the results has to take the measurement of two variables into account: waist and hips 5, 9 .
Various researchers defend the use of waist/ hip ratio as the best measure for identifying presence of abdominal obesity. According to such authors, besides being associated with insulin resistance, glucose intolerance, and increased cardiovascular risk, waist/hip ratio is a good predictor of the occurrence of coronary artery disease and correlates well with the amount of intra-abdominal adipose tissue 7, 29, 30, 31, 32, 33 .
According to the current study, JapaneseBrazilians of both sexes with elevated waist/hip ratio (men ≥ 0.95 and women ≥ 0.80) had three times greater odds of dying from cardiovascular diseases. This result corroborates the findings of another study, in which individuals with elevated waist/hip ratio had a twofold risk of developing cardiovascular diseases; when a cutoff of 0.88 was used, the risk increased to threefold 34 .
Of the deaths recorded in this study, 48.1% were due to cardiovascular diseases, confirming the data showing that these are the most frequent diseases in the Brazilian population. Despite the downward trend in cardiovascular mortality in Brazil and in the world, some projections indicate an increase in its relative importance in low-and middle-income countries. Greater longevity and a possible rise in the incidence of cardiovascular diseases due to the adoption of lifestyles with greater exposure to risk factors are considered the principal reasons for this increase 35 . Diseases of the circulatory system (cerebrovascular and ischemic heart diseases) contribute significantly as a causal group for mortality in all the geographic regions of Brazil. According to the Ministry of Health, the Southeast has the highest mortality rate due to diseases of the circulatory system (2.07 deaths per 1,000 inhabitants), while the mean for Brazil as a whole is 1.69 per 1,000. This study found 10.68 deaths from all causes per 1,000 inhabitants and 5.28 per 1,000 due to cardiovascular diseases. Cardiovascular diseases represent nearly one-third of all deaths and 65% of all deaths in the 30-69-year age bracket, affecting the adult population in its most productive phase (Rede Interagencial de Informações para a Saúde. Indicadores de Mortalidade. http://tab net.datasus.gov.br/cgi/deftohtm.exe?idb2009/ c04.def).
These data corroborate other studies in the Japanese-Brazilian community in Bauru, showing that this population is at high risk for diabetes, dyslipidemia, hypertension, cardiovascular disease, and metabolic syndrome 13, 14, 15, 26 .
In this study, as expected, individuals that died from all causes or from cardiovascular diseases displayed a worse metabolic and anthropometric profile. In particular, hypertension, dyslipidemia, male gender, and age ≥ 60 years were independent factors for all-cause and cardiovascular mortality. Such findings are consistent with the majority of prospective studies in the literature 25, 27 . The findings also agree with the study among Japanese-Brazilians that participated in the first phase of the JBDSG project 36 .
Some limitations to the study should be considered: (1) one cannot rule out the possibility of errors in the anthropometric measurements; at any rate, the choice of a standardized methodology for collecting this information probably minimized the occurrence of this bias; (2) certain individual characteristics are known to change over time (e.g. weight and BMI variation, sedentary lifestyle, diet, and smoking), and when ignored these changes can alter the research findings; however, it was not possible to evaluate this issue in the current study, since not all the information needed for this purpose was available; and (3) although there were some losses to follow-up, they represented less than 10% of the sample and their impact on the results can thus be considered minimal.
Conclusion
Based on the findings, one can conclude that the prevalence of abdominal obesity among Japanese-Brazilians was high, and that high values for waist/hip ratio served as a risk factor for cardiovascular mortality, independently of gender, age, and presence of hypertension or dyslipidemia, thus suggesting that for these individuals, waist/ hip ratio is the best predictor of mortality. 
Resumo

